Bacteroides spp. has gained substantial interest among the suggested potential candidates for alternative faecal indicators for untreated recreational waters by the US EPA. Interest in Bacteroides as a faecal indicator is based upon the relative abundance of selected members of the Bacteroides genus in the human colon and human faeces. In this study, we developed a real-time PCR detection system based on gyrase B subunit genes (gyrB) specific to Bacteroides fragilis. The gryB-based method was compared with previously described 16S rRNA-based real-time qPCR methods and evaluated for specificity, sensitivity and robustness in detecting B. fragilis from untreated recreational water impacted by human and non-human faecal sources. The new gyrB-based system only detected B. fragilis, whereas the 16S rRNA-based methods generated cross-amplifications with other Bacteroides and Prevotella species. We used a procedure of prefiltration, filtration, sonication and DNA concentration in order to improve the DNA extraction efficiency and the sensitivity of the real-time PCR while removing interference. The amplification and sequencing of PCR products generated by the gyrB-based method confirmed that gyrBamplified sequences only contained B. fragilis. This rapid method is useful for quantifying faecal contamination and may assist beach and watershed managers in elucidating possible contamination sources.
INTRODUCTION
The association between illness and recreational contact with surface waters has been well documented since the 1950s (Stevenson ) . Associations between faecal indicators and illness have also been established for these water users (Cabelli et al. , ; Prüss ; Wade et al. , ; Colford et al. ) , which includes EPA studies establishing Escherichia coli as a criteria indicator in freshwater (Dufour ) . Despite associations between exposure and water quality, the minimum time to obtain an E. coli colony count result is 18-24 h post-sample (US Environmental Protection Agency ) which is inadequate for communicating same-day water quality risks to the public to prevent exposure. This warrants rapid methods to improve risk reporting. Additionally, current US recreational water quality criteria for pathogens and pathogen where they may outnumber faecal coliforms 1,000-fold (Fiksdal et al. ) . Another advantage of the Bacteroides genus as an indicator of recent faecal contamination is their inability to persist or grow in the aerobic foreshore sediments or freshwater environment since they are anaerobic, unlike the more common faecal indicator, E. coli, which is aerobic and has been observed to persist or replicate in this environment thereby not permitting a more complete understanding of the timing of the faecal contamination (Solo-Gabriele et al. ). Thus, Bacteroides indicates a more recent episode of faecal contamination. Furthermore, some evidence suggests that the Bacteroides group is a better indicator of non-point-source human faecal pollution than E. coli in recreational waters (Converse et al. ) .
Thus far, some epidemiological evidence from a Great Lakes point-source impacted beach demonstrates a marginally significant association between concentrations of the genus Bacteroides and closely related genera and gastrointestinal illness (Wade et al. ) . Among the Bacteroides species, Bacteroides fragilis is a commensal organism that constitutes a significant component of the normal colonic bacterial microflora in humans (Pumbwe et al. ) . Epidemiological associations specific to B. fragilis densities have not yet been observed owing to methodological limitations.
All existing methodologies are specific to a group or class of closely related taxa merely including B. fragilis. Thus, a methodology specific to the quantification of only B. fragilis is warranted, thereby enabling the consideration of this specific species in epidemiological studies of illness risk among recreational water users.
Traditionally, E. coli has been used as an indicator microorganism for communicating waterborne disease risk, particularly because of their ability to be easily and safely cultured (Simpson et al. ) . However, most of the bacterial species composing the mammal gut microbiota are anaerobes that are not easy to enumerate by conventional culturing techniques and the majority of that flora is not The strain 1B2 originated from 25 mL of stream water from Glade Run, Ohio. These three strains were stored in 40% glycerol at À80 C for further study. The ultimate application of these strains in this study was to enable an evaluation of the generalizability of the gyrB PCR assay to other recreational and environmental waters via PCR detection using positively identified B. fragilis from environmental sources.
Recreational water samples
Recreational water samples were collected for water matrix interference testing, identifying minimum limits of detection and confirming the gyrB PCR assay results from environmental samples. Interference testing and minimum detection limit determination was performed using samples collected from the Olentangy River (Franklin County, Ohio), which has multiple designated uses, including recreation. however, in the sample area, which is more urban, combined and sanitary sewer overflows are the primary contamination sources, with home sewage treatment systems contributing slightly.
DNA extraction from recreational water samples
The filtered membranes from the Olentangy River samples were transferred into 15-mL sterile tubes. Two mL of sterile phosphate buffered saline (PBS; 0.14 M NaCl, 2.7 mM KCl, 10.1 mM Na 2 HPO 4 , 1.8 mM KH 2 PO 4 [pH 7.6]) was added to the tube to soak the filter membrane, which then was rigorously vortexed. Since the improvement of DNA extraction efficiency is important for the success of PCR assays, sonication was carried out to detach cells from the filter 
Comparison of the primers
The newly designed primers were compared with previously First, we compared our gyrB gene-based primer set with the Bacteroides-Prevotella group-specific primer set using in-silico analysis. A sequence-similarity search was done using primer-BLAST software at the NCBI database A mixture of all PCR reagents without template DNA was used as a negative control for each PCR reaction. For the gyrB gene-specific primers and probe, thermal cycling consisted of an initial cycle of 50 C for 2 min (activation of the UNG) and 95 C for 10 min (activation of the AmpliTaq Gold DNA polymerase), followed by 45 cycles of denaturation at 95 C for 30 s and annealing and extension at 58 C for 3 min. For the reference (16S rRNA Bacteroides/Prevotella) primers and probe, the thermal cycle condition was as follows: incubation at 50 C for 2 min and at 95 C for 10 min, followed by 45 cycles of denaturation at 95 C for 15 s, and annealing and extension at 62 C for 1 min.
Nucleotide sequences accession numbers
The DNA sequences were deposited in the GenBank database under accession numbers from GU130198 to GU130203.
RESULTS AND DISCUSSION
gyrB gene-based primer design and comparison with 16S rRNA-based primers and probe
The gyrB gene-specific primers and probe were designed to perform quantitative real-time PCR detection of B. fragilis.
These are listed in Table 1 were found to possibly cross-amplify with this reverse primer (qBac725R). In contrast, the gyrB forward primer, (Table 3 ). The positive-control after filtration of 250 mL shows a C T value of 33.35 ± 0.26 and this corresponds to 3.9 ± 0.1 log CFU based upon the standard curve. The detection efficiency was enhanced by increasing 
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Bacteroides/ Prevotella (150 bp) (Okabe et al.
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B. fragilis amplifying gene product from only B. fragilis in recreational water samples when B. fragilis is present.
CONCLUSIONS
The objective of this study was to develop a novel B. fragilis- 
